Evidence-based medicine is often inadequately implemented in intensive care units (ICU); the aim of this study was to improve its implementation via a technical feedback system, using key performance indicators (KPI). The study evaluated 205 patients treated in a cardiac surgical ICU over a 6-month period (3 months before and 3 months after implementation of the feedback system). KPI adherence rates for sedation, delirium and pain monitoring, and completion of a weaning protocol before and after the implementation of the feedback system, were compared. Adherence rates for pain and delirium monitoring, and implementation of the weaning protocol, were significantly increased by the intervention. Adherence to KPIs for sedation, which were high at baseline, could not be further improved. Daily display of KPI implementation had a positive effect on adherence to standard operating procedures. Adherence to guidelines may be improved by using this feedback system as part of the clinical routine.
Introduction
Patient mortality rate in the intensive care unit (ICU) ranges between 8% and 33%. 1 In order to improve ICU care it is necessary to define and quantify quality of care. The American Institute of Medicine defines this as 'the degree to which health services for individuals and populations increase the likelihood of desired health outcomes and are consistent with current professional knowledge'. 2 Evidence-based guidelines have been developed in order to assist in closing the gap between theoretical quality and practice. 3, 4 Controlled clinical trials have demonstrated that such guidelines improve ICU patient outcomes including length of stay, duration of mechanical ventilation and mortality rates. 5 In spite of the evidence supporting their benefits, guideline implementation is not satisfactory: approximately 50% of patients do not receive care that is supported by current scientific evidence. 6 
Visual feedback to monitor adherence to ICU quality indicators
Despite numerous studies on guideline dissemination and implementation strategies, there is no single intervention (or group of interventions) that results in the effective improvement of guideline use. Teaching, educational materials, various types of reminder, audit and feedback, and multifaceted interventions have resulted in moderate improvements in care ranging from 6.0 to 14.1%. 8 Substantial resources may be available for quality improvement initiatives in the general health system, but individual organizations must balance the potential quality and outcome benefits with their limited resources. Consequently, current information systems should be evaluated for their value as part of a guideline-implementation process.
Feedback is one such strategy that can be used to improve practice. The aim of feedback is to show the recipient their behaviour and thereby encourage them to change their performance. 9 Studies have analysed the use of feedback to improve quality in medical care and found wide variations in the effect of reminders and feedback. 9, 10 It is important to define quality indicators carefully in order to acquire data easily and automatically, regarding quality of care. Valid indicators can be used to quantify guideline implementation 11 and can, therefore, serve as a measurable feedback system. 12 The definition of quality indicators 11, 13 allows them to be used to monitor daily practice and outcome in the ICU as key performance indicators (KPI). KPIs are defined as 'measurable elements of practice performance for which there is evidence or consensus that it can be used to assess the quality of care provided and hence change it'. 14 Studies have used data from patients' charts to give daily feedback; for example, the use of daily paper-based quality rounds' checklists to improve the implementation of a ventilator-associated pneumonia bundle. 15 A further study collected data from the patient data management system (PDMS) and generated a summarized printout for healthcare providers. 16 Both systems improved the adherence rates for significant prophylactic measures, but had to be manually completed or printed and distributed daily within the team. 15, 16 The aim of this study was to develop and introduce a technical feedback system into the PDMS, to monitor and report the compliance of certain KPI in the ICU, and to analyse whether this system can improve the adherence of healthcare providers (namely, physicians and nurses) to selected standard operating procedures (SOPs). Data from a 3month period before, and a 3-month period after, the implementation of the feedback system were compared, with 4 months elapsing between the evaluation periods. It was hypothesized that the KPI monitoring frequency may influence outcome, in terms of ICU mortality and length of stay. 
Patients and methods

STUDY POPULATION
KEY PERFORMANCE INDICATORS
In 2007, an Institutional Board consisting of the leading physicians of the Department of Anaesthesiology and Intensive Care Medicine, Charité-University Hospital Berlin, established a bundle of KPIs as part of a SOP, which were reviewed by an external audit of intensive care specialists. These KPIs were in accordance with German evidence and consensus-based guidelines for the management of analgesia, sedation and delirium in intensive care, and quality indicators that are used to monitor and improve the quality of care. 11, 17 The KPIs included the assessment of sedation, analgesia, delirium and spontaneous breathing ( Table 1) .
Sedation was evaluated using the Richmond Agitation-Sedation Scale (RASS) score. 18 In addition, a goal RASS score was documented by the attending physician once daily for each patient. The RASS score was evaluated three times daily by nursing staff (once per 8-h nursing shift).
Analgesia was evaluated by the Numerical Rating Scale (NRS) 19, 20 or Behavioural Pain Scale (BPS). 20 Either or both of the NRS and BPS 21 were evaluated at least three times daily by nursing staff (at least once per 8-h nursing shift), depending on the patient's neurological situation. The NRS value was ideally maintained at < 5, and the BPS value at < 6; nursing staff were advised to adapt analgesia to patients' needs.
Delirium was assessed using the Confusion Assessment Method for the Intensive Care Unit (CAM-ICU) test. 22 This evaluation was undertaken three times daily by nursing staff (once per 8-h nursing shift).
In the event of a positive CAM-ICU test, physicians and nursing staff were advised to begin immediate treatment using a consensus-based algorithm. 23 The spontaneous breathing protocol (weaning protocol) was originally proposed by MacIntyre et al. 24 and adapted to meet local needs. 25 For every patient who had been ventilated for > 24 h, the protocol should theoretically be evaluated once daily by the designated physician; the results (including any weaning failures) were documented in the patients' charts. Apart from two manual entries (existence of cardiac ischaemia and adequate cough), the weaning protocol was completed automatically by the PDMS, after initiation by the physician, using data from patients' charts.
All KPIs were integrated into SOPs 25 that were available on the hospital intranet to all staff members and could be directly accessed (without a personal log-in) from the bedside of every ICU patient.
The ICU in which the patients were treated utilized an electronic 'Computer Organized Patient Report Assistant' (COPRA) chart system (COPRA GmbH, Sasbachwalden, Germany). This chart recorded medical and care information, both of which were documented by caregivers and automatically transferred by patient monitors and mechanical ventilators. Laboratory data, input from monitoring systems and ventilator settings, were validated within the system by ICU staff. The PDMS was designed to prevent manual alterations to the data, such as entering missing values after discharge from the ICU. NRS, Numerical Rating Scale; 19, 20 BPS, Behavioural Pain Scale; 20 CAM-ICU, Confusion Assessment Method for the Intensive Care Unit; 22 SOP, standard operating procedures. Visual feedback to monitor adherence to ICU quality indicators collected KPI data from PDMS entries and presented them on a summary page for feedback. The user was only required to undertake two manual tasks in the system (regarding the entries for cardiac ischaemia and adequate cough, as described above). All other information was collected automatically from the documentation of routine data within the PDMS; no further user action was necessary. Each summary page covered a 24-h period, divided into three columns corresponding to each 8-h nursing shift. The technical feedback system visualized the achieved daily goals and completeness of KPI data entry to the attending team. The KPI report was marked in green if fully completed and in red if items were not documented or specific goals were not met. The evaluated and marked record was made available in the COPRA for all staff the next morning. The KPI summary chart formed part of the electronic patient chart, not part of the printed chart.
STUDY INTERVENTION
A summary assessment of all KPIs was reported to the physicians and nurses at the end of each month in the postintervention period. Along with the feedback system, the ICU team was instructed on how to evaluate sedation and analgesia scores, complete the weaning protocol, access the summary page and interpret the results.
DATA COLLECTION
Patient KPI data from the preintervention period were used as the baseline for comparison with data from the postintervention period (collected after implementation of the technical feedback system). Preintervention data were collected via the PDMS and were not presented to the team or individual persons involved in patient care. Data presentation testing and optimization was performed during this period. After the preintervention period, teaching sessions regarding goals and the required theoretical and practical skills were given regularly to all staff and the KPI summary page was available via the PDMS to the ICU team.
Adherence ratios were calculated using patient chart data. The actual number of items documented was divided by the target number which should have ideally been documented for each patient throughout their ICU stay; the result was reported as a percentage, in accordance with other studies. 26, 27 An adherence ratio of 100% meant that all items were fully documented for a patient throughout their admission to the ICU.
The following data were collected from electronic patient records: age (years); gender; daily Therapeutic Intervention Scoring System (TISS-28) score; 28 daily Simplified Acute Physiology Score (SAPS II); 29 daily Sequential Organ Failure Assessment (SOFA) score; 30 daily Acute Physiology and Chronic Health Evaluation (APACHE II) score; 31 duration of ICU stay (days); duration of ventilator support (h); mortality rate.
STATISTICAL ANALYSES
Data were expressed as mean ± SD or frequency (%). Pre-and postintervention patient characteristics were compared via the Mann-Whitney U-test or the χ 2 -test. Due to differences in sample sizes, all tests were carried out in an exact version. Univariate comparisons of mortality rates were performed using Fisher's exact test. Parameters that were found to be statistically significant on univariate analysis underwent multivariate analysis, which was tested by logistic regression, generating odds ratios (OR) with 95% confidence intervals (CI). Multiple linear regression analyses were used to model the relationship between duration of ICU stay or duration of ventilation and M Kastrup, MJ Nolting, R Ahlborn et al. Visual feedback to monitor adherence to ICU quality indicators adherence to the KPI (documented goal RASS score, RASS score evaluation, pain evaluation, completion of weaning protocol, TISS-28, SAPS II, SOFA, APACHE II scores). Regression coefficients (95% CI) and the corresponding P-values were calculated for each factor.
In order to calculate the effect on the outcome variables, pre-and postintervention data were pooled. Regression analyses included the following risk factors: SOFA score; TISS-28 score; SAPS II score; APACHE II score; documentation rate of goal RASS score; RASS score evaluation rate; NRS value; CAM-ICU test; weaning protocol; difference between documented goal and evaluated RASS scores. Statistical analyses were performed using the SPSS ® statistical package, version 18.0 (SPSS Inc., Chicago, IL, USA) for Windows ® and the SAS ® statistical package, version 9.2 (SAS Institute Inc., Cary, NC, USA). A P-value < 0.05 was considered statistically significant. No adjustments were made for multiple testing.
Results
The study included a total of 205 patients: 111 in the preintervention period, and 94 in the postintervention period ( Fig. 1) . Patient characteristics are given in Table 2 . There were no significant between-group differences in the male/female ratio, age, weight, SOFA score, TISS-28 score, SAPS II score or APACHE II score.
Data regarding adherence to KPI monitoring and KPI results are given in Table  3 . Documentation of goal RASS score, and evaluation of RASS and NRS or BPS, showed Adherence to key performance indicator (KPI) monitoring and KPI results for 205 cardiac surgical intensive care unit patients who were recruited before (preintervention group) or after (postintervention group) implementation of a technical feedback system evaluations, and completion of weaning protocol (P < 0.01 for each of these comparisons; Table 3 ). Results of a multivariate logistic regression analysis of the influence of KPIs on mortality rates are given in Table 4 . Goal RASS score documentation, documented goal RASS score, RASS evaluation and the difference between goal and evaluated RASS scores significantly influenced mortality risk (P = 0.013, P < 0.01, P < 0.01 and P = 0.049, respectively; Table 4 ). In addition, TISS-28, SAPS II, APACHE II and SOFA scores significantly influenced ICU mortality risk (P < 0.01 for all comparisons).
The results of a multiple linear regression analysis of the influence of KPIs on the duration of mechanical ventilation are given in Table 5 . Duration of ICU stay, TISS-28, SAPS II, SOFA, APACHE II, RASS evaluation and documented goal RASS scores, together with NRS or BPS evaluation and absolute NRS value significantly influenced the duration of mechanical ventilation (P < 0.05 for all comparisons; Table 5 ).
The results of the multiple linear regression analysis with duration of ICU stay as the dependent variable are given in Table  6 . SAPS II and SOFA score, documented goal RASS score, ≥ 1 positive CAM-ICU test, NRS or BPS evaluation and NRS value significantly influenced the duration of ICU stay (P < 0.05 for all comparisons; Table 6 ). Table 7 gives the results of a multivariate logistic regression analysis of factors influencing the risk of delirium development (≥ 1 positive CAM-ICU test). Delirium was significantly influenced by evaluated RASS score, difference between goal and evaluated RASS scores, duration of mechanical ventilation and duration of ICU stay (P < 0.05 for all comparisons; Table 7 ).
Discussion
Several studies have revealed clinically significant positive effects of sedation guidelines on patient outcomes. 32 -35 In addition, the early detection of delirium may decrease the frequency of adverse events by permitting more rapid treatment induction. 36 The use of weaning protocols and spontaneous breathing trials have been 
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shown to decrease the duration of mechanical ventilation and improve patient outcome. 37 The current study found that routine PDMS data can be used to improve the adherence to evidence-based medicine by displaying performance results daily within the patient's chart. It was not possible, however, to achieve a consistent adherence rate of ≥ 70% for the KPIs investigated. Improvement was dependent on the baseline implementation rate: high preintervention adherence ratios could not be improved, whereas low preintervention adherence ratios (including CAM-ICU tests and the weaning protocol) were significantly increased. These findings are in accordance with a study that found the adjusted risk difference of compliance with desired practice varied between -0. 16 M Kastrup, MJ Nolting, R Ahlborn et al. Visual feedback to monitor adherence to ICU quality indicators absolute decrease) and 0.70 (a 70% increase). 38 Greater effectiveness was associated with low baseline compliance and a high intensity of audit and feedback.
Feedback on KPI adherence was available with a delay of 24 h in the present study. Minimizing this time delay and introducing additional reminders at the bedside may have positive effects on compliance, since healthcare providers would have the opportunity to change their behaviour more immediately. 39, 40 For technical reasons, neither real-time feedback nor reminders were possible in the ICU where the study was conducted. However, with a delay of 24 h all PDMS-based feedback was visible in a designated area on the patients' charts for all staff. Because patients were assigned to particular nurses and physicians, staff members had the opportunity to receive personal feedback on their performance on the previous day. This allowed feedback on both team and individual performances. It is still unclear in the literature whether feedback should be given individually or in a group, 41 and technical restrictions do not allow for real-time feedback of each entry to be displayed immediately in the PDMS.
Documentation of the goal RASS score was > 70% before the implementation of the feedback system in the present study; this value could not be further increased. RASS evaluation was > 60% in both observation periods, which represents a markedly higher percentage than that reported in other studies. In a follow-up sedation survey of 261 German ICUs, 51% used a sedation scale regularly and only one used the validated RASS. 3 Despite being unable to increase sedation evaluation to once per shift, the present study demonstrates the importance of regular evaluation of sedation; regression analysis demonstrated an association between the duration of mechanical ventilation and goal and evaluated RASS scores. These results are consistent with other studies showing that an excessive use of sedatives prolongs mechanical ventilation and duration of ICU stay. 42, 43 The documentation of patient care goals on a daily sheet helps healthcare providers to gain an enhanced understanding of patient care plans and how to achieve them. 44 RASS scores evaluated in the present study, which represent actual sedation of a patient, showed a mean deviation from the pre-and postoperative goal RASS scores of 0.74 and 1.11, respectively, thereby showing good The implementation rate of systematic pain assessment was significantly increased after the introduction of the feedback system. A prospective observational study of pain management practices revealed a 37 -42% rate of pain assessment. 26 The results from both periods of the current study were higher than this, but it was not possible to achieve a constant adherence rate of ≥ 70%. Feedback intervention has been found to increase the adherence to a pain assessment schedule significantly. 27, 45 Higher adherence rates may be achieved by giving individual feedback and focusing on pain assessment.
There was no decrease in NRS values after intervention in this study. This is in contrast to the findings of Chanques et al., 21 who reported an increase in pain evaluation rates and a decreased incidence of pain with the implementation of systematic evaluation of pain and agitation that included the use of the BPS, NRS and RASS by nurses, and the alerting of physicians to cases of pain. The NRS values in the present study are comparable with those in a report on the effect of remifentanil versus fentanyl in mechanically ventilated patients. 46 In the present study, linear regression analysis revealed a significant association between a positive CAM-ICU test and the duration of ICU stay. This demonstrates the importance of delirium detection, which was increased by the implementation of the technical feedback system, and short tutorials for the ICU staff. The CAM-ICU test is a novel tool for delirium detection and compliance with this protocol is increasing. In a 2004 survey, 27% of responding healthcare providers reported daily delirium screening, with only 7% using CAM-ICU tests. 22 A survey in 2008 found that 47% of nurses screened their patients at least every 12 h and 36% used CAM-ICU tests. 47 A 1-day observational prevalence study in 2011 reported that 55% of ICUs implemented validated delirium monitoring (mostly CAM-ICU tests) and that 30% monitored delirium every 8 h. 48 These findings are similar to those of the current study, which also demonstrated the insufficient implementation of routine delirium monitoring. Further education is required to continue the improvement in awareness of the importance of delirium.
The present study revealed extremely limited use of the weaning protocol in the preintervention period, despite it being easily available in the PDMS. The introduction of the feedback system and staff education significantly increased the adherence rate. These findings are in accordance with another study, where staff education and computerized ICU documentation significantly increased the documentation of weaning parameters. 16 Other studies have achieved even higher compliance rates, possibly due to the assignment of additional respiratory therapists and nurses who took over these duties from physicians. 49.50 A combined spontaneous awakening and spontaneous breathing trial by Girard et al. 37 demonstrated better outcomes for mechanically ventilated patients with regard to mortality, duration of mechanical ventilation and duration of hospitalization. The patients in the present study were treated like the control patients of the Girard et al. 37 study as the complete daily interruption of sedatives is not part of routine treatment at the Charité-University Hospital, Berlin, where patients are sedated to meet the goal RASS score as closely as possible. The spontaneous awakening patients in Girard's study were observed by a team for ≥ 4 h after discontinuation of sedatives, but this procedure is difficult to adopt without additional staff. A barrier to M Kastrup, MJ Nolting, R Ahlborn et al. Visual feedback to monitor adherence to ICU quality indicators the wide implementation of combined spontaneous awakening and spontaneous breathing trials may be the fear of long-term negative cognitive and psychological outcomes, although adverse results and psychological outcomes have been shown to be comparable between patients with a paired sedation and ventilator weaning protocol and those patients with only spontaneous breathing trial and sedation per usual care. 51 There are several limitations to the present study, which must be considered when interpreting the results. The effect of the feedback system on the clinical course must be interpreted with caution, despite the fact that there were no between-group differences in patient characteristics. Another study revealed seasonal variations in cardiac surgery outcomes (risk-adjusted mortality and duration of stay). 52 Similar findings have been reported in studies from Finland and the UK, where illness-adjusted hospital mortality is higher in winter than in other seasons. 53, 54 There were no significant differences in age or duration of stay of patients in the postintervention period (which ran between November and January) in the present study compared with the preintervention period (which ran between April and June).
Rather than conducting a randomized controlled trial, in the present study routine data available from the patients' charts were used in an effort to improve the quality of care. Since many tools used in clinical studies are not used for quality improvement there is a risk of bias, which cannot be accurately estimated and may be invisible. 55 The KPIs in the present study agree with the current evidence and consensus-based German guidelines for the management of analgesia, sedation, delirium and weaning from ventilation in intensive care. 23 This is the first study to demonstrate that adherence to KPIs can be influenced by the introduction of a technical feedback system into the PDMS. This feedback system -which featured a daily display of the implementation of various clinical parameters -had a positive effect on adherence to SOPs, depending on the baseline level of implementation. Adherence to guidelines can be monitored via PDMS with KPIs. The adherence to guidelines may be improved by using these data for a feedback system as part of the clinical routine.
